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PBOYISIONAL SPECHTCATIOl^' 

Arrangement for Controlling Gaseous Charge Internal 
Combustion Engines 



I, James George Eiee, M.Sc.(Loiid.), 

» P . I . C . , CcnsultiBg Chemist and Chartered 
Pateat Agent, of 20 to 23, Holborn, 
Xfondan, E.C.I, a Britisli Sntject, do 
5 lierebv declare the nature of tliis inven- 
tion (as comnmnicated to me by M". V. 
De Eafaafscbe Petroleum Maatsctappij, 
of Willemstad, Cnracao, Ketberlands 
West Indies, formerly of 30, Carel Tan 
I*' Bylandtlaan, Tke Hague, Holland, a 
Body Corporate organised under tbe Iiaws 
of Holland) to be as followsi: — 

Tbe invention relates to an arrange^ 
mKat for controlling gaseous charge 
internal comb-ostion engines and aims at 
providing an arrangement operating in 
such, a maimer that detonamon in the 
engine is precluded or checked under any 
conditions. 

As is known, the occnrrence of detona- 
tion in an' en^^ine depends not only on the 
construction of the engine aaid the nature 
of the fuel used, but also on the working 
conditions of the engine. Several condi- 
tions are liable to affect the occurrence 
of detonation, for example the fuel-air 
ratio, the temperature of the air of the 
mixture, the quantity of mixture intro- 
duced into a cylinder per woriking' 
stroke — ^which quantity in txrm depends 
on the pressure of the air sucked in or 
introduced — the temperature of cylinder 
and piston, which depends also on the 
degree of oooliais' of the cylinder, and the 

35 moment of ignition. In general it may 
be said that the detonation tendency 
increases according as tbe load of the 
engine inciseases; thu^, when an engine 
is temporarily overloaded, such aR that 
of an aeroplaiie duriaig the take-off, the 
risk of detonation occurs. 

Now according to the invention a 
control arrang'ement is applied in which 
a .member susceptible to detonation 

45 operates one or more of the control 
members of the en^ucie in such a manner 
that as soon as detonation occurs, the 
working .conditions of the engine are 
modified in the. sense of suppressing- 

50 detonation. 

Since, as stated abore, the occurrence 



of detonation depends on several condi- 
tions, the control members, the adjust- 
ment of which may lead to a s>uppression 
of the detonation, may Hkewise be of a 55 
widely divergent kind. The control 
members employed in the arrangement 
according to the invention may serve to 
modify the q[uaiLtity or quality of the 
working medium, determined e.g. by the ^0 
mixing ratio o-f fuel and air, the charge 
per stroke, the temperature of the air 
induced, the composition of the fuel, the 
quantity of special anti-knock agents 
added (anti-knock dopes, water). They ^ 
may serve to modify the conditions of 
ignition and combustion in the cylinder, 
by changinsr the moment of ignition, the 
intensity of the cylinder coolings the 
number of strokes per minute. jPurther 7^0 
thev may serve to alter the load on the 
engine, e.g. in the case of an aero-engine 
driving? a 7>r0'peller with variable pitch 
by changing the pitch, which, in turn 
involves an alteration in one or more of 75 
the above-mentioned factors. 

Of the various possibilities of control 
use is preferably made of those which 
entail no or only a slight decrease in out- 
put of the engine, whilst further low fuel 80 
consumT>tion is also maintained' as much 
as possible. Apart from the possibilities 
of control afforded by changing the 
compositi'on of the fuel (addition of fuel 
Tvith higher anti-knook Talue) and addi- 85 
tion of si)ecial agents counteracting 
detonation, such as anti-knock dopes and 
water it is therefore in particular the 
adjustment of the fuel to air ratio that 
comes into oomaideration, and further the 90 
timing of the ignition. 

The control members - to- be employed 
in an arraaigement according to the 
invention may be soeciallT provided with 
a view to suppressing detonation; how- 95 
ever, that is not always" necessary, for in 
some cases the control members already 
present will suffice. 

"With the control arrangement accord- 
ing to the invention it is of very, great 100 
importance, that the member susceptible 
to detonation - should react - instan- 
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taueously and at iacipient detonation, so anotker conduit 12 with aiixiliaiy jet 
that the suppression, or at any rate leads fi-om the float chamber IQ of the 
reduction of the detonation is attained carburettor to the narroTred part of the 
before it has assumed harmful proper- suction line 3. In the conduit 12 a 
5 tions. In this 4^nnection a. member control valve 13 is disposed which is 70 
reacting- to the gas vibrations in tile adjusted by turning' the lever 14. A 
cylinder of frequencies characteristic of piston 16 linked to this lever is jjressed 
detonation, which for manv engines lie upwards: by the spring IS. The piston IG 
between about 3000 and 6000 Hertz, is is adapted to move in a cylinder 17 filled 
10 particularly suitable as a member suscep- with liquid and has a small opening pro- 75 
tible to detonation, i.e. as " Knock vided with a valve with leak, so that its 
detector Further fox a good function- movement is damped, the damping eti'ect 
ing of the apparatus it is, of coiu^se, being greatest with ujjward movement. 
^ necessary that the susceptible member The lever 14 has further attached to it 
15 should react only when detonation the soft iron core of the solenoid 9 in 80 
ocours; if, therefore, such a detector such a manner that if cun*ent flows 
reacting to the occurrence of vibrations through circuit 7, the core is pulled 
is applied, and this should react in a down. Normally the lever is in its top 
frequency range, covering besides the position, the valve 13 being closed. As 
20 detona.tion vibrations proper also other soon as detonation occurs, in the engine 85 
vibrations in the engine, the detector the oore 15 is pulled down owin^r- to the 
should be cfombined with an apparatus iflbw of (Current throiigh the solenoid- 
preventing these other vibrations from and the lever 14 turns downward, thus 
affecting the control members. openino- valve 13. 

25 A change^ of the fuel to air ratio can As a result of the extra fuel supplj' ^0 
be effected in -a simple manner by pro- through conduit 12 a richer mixture is 
vidin^ tbe carburettor with an extra jet, then obtained, which, as is known, shows 
allowing of a richer mixture to be less tendency to knock, 
temporarily obtained. An embodiment As soon as the detonation ceases, the 
30 of an arrangement according to the valve is slowly closed again by the action 9^ 
invention incorporating this feature is of spring 18 and piston 16. 
illustrated ^ diagrammatic ally in the The above describes only one example 
accompanying drawing. . of the numerous ways in which an 

Refeiring to the drawing, 1 represents apparatus according to the invention can 
35 the engine cylinder with inlet valve 2 b© constructed. 100 
and locally narrowed suction line 3. The In each individual case it should be 
cylinder is provided with a member 4; ascertained which control device can be 
capable of converting |»ressure vibrations adjusted most advantageously by the 
occurring in- the- cylinder space into knock detector and in what manner this 
40 electric vibrations. For this purjiose an adjustment is to be combined, if desired. 105 
indicator with piezo-electric crystals "with the methods of control, either auto- 
having a high natural - frequency is matic or manual, already provided for. 
particularly .suitable, although other It may be of particular advantage to 
types, of indicators, e.g. with variable apply a servo-motor for coupling the 
45 resist^ince, variable capacity or variable member susceptible to detonation with the HO 
magnetic induction, may also be em- control member, with a view to assui'ing 
ployed. The electric vibrations emanat- that it is not the position of the control 
ing from the indicator are conducted to member, but the change of said position 
an apparatus 5, where they are amplified that is determined by the detonation. 
50 and the vibrations not caused by detona- In the above described embodiment llo 
tion are filtered out or suppressed, so reference is made to a single cylinder, 
that only thje vibrations within a Since with a multi-cylinder engine the 
frequency range of e.g.- about 300O-tr5000 detonation as a rule will not occur 
Hertz and originating from detonation simultaneously in the various cylinders, 
55 are left. If desired this apparatus may- each cylinder will generally be provided' 120 
be provided with, a rectifier and a measur- with an indicator and the adjustment of 
ing device showing the degree of detona^ the control member of the engine will be 
tio-n. The output current from apparatus made to depend either on the degree of 
'5 is fed to a relay 6, which, as soon as detonation in the cylinder in which the 
60 detonation occurs, closes circuit 7 con- detonation is strongest or on the average 125 
tain ing a source of current 8 and a deirree of detonation of all cylinders, 
solenoid 9, The fuel content in the air- This purpose can be attained particu- 
fuel mixture sucked in is controlled as larly with the first mentioned method,- by* 
follows.; - switching in the varioTiJ* indicators in 

65 Sesides the normal jet conduit 11 rapid succession. 130 
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Dated* this 4tli day of May, 1939. 



ELKINGTO]^ & PIPE, 
Consulting' Cii&nusts and 
Chartered Patent A^ents^ 
20 to 23, Holljom, London, E.C.I, 
Agents for the Applicant. 



COMPLETE SPECIFICATION 
Arrangement for Controlling Gaseous Charge Internal 
Combustion Engines 



I, James GsoaGE Pifb, M.Sc.(Lond.), 
P.I.C., C'onsulting' Chemist and Chartered 
Patent Agent, of 20 to 23, Holbom, 
London, E.C.I, a British Subject, do 
•5 hereby declare the nature of this inven- 
tion and in what manner the same is to 
be performed, (as communicated to me 
by N. V. De ©ataafsche Petroleum 
Maatschappij, of Willemstad, Curacao, 
10 ITetherlands West Indies, formeiiy. of 30, 
Carel ran Bylaaidtlaan, The Hague, 
Holland, a Body Corporate organised 
under the laws of Holland, to be particu- 
larly d-escribed and ascertained in and by 
15 the following stateanent : — 

The invention relates to an arrange- 
ment for suppressing detonation in an 
internal combustion engine. 

As is Imown, the occurrence of detona- 
•<>0 tion in an engine depends not only on the 
constrriction of the engine and the nature 
of the fuel used, but also on the wonking 
conditions of the engine. Several condi- 
tions are liable to affect thej occurrence of 
26 detonation, for example the fuel-air ratio, 
the temperature of the air of the 
mi:drare, the quantity of mixture intro- 
duced into a cylinder per working' 
stroke — ^which quantity in turn depends 
30 on the pressuxe of the air suclced in or 
introduced' — ,the temperature of cylinder 
and piston, which depends also on the 
degree of cooling of the cylinder, and the 
moment of ignition. In geneiul it may 
35 be said that the detonation tendency 
increases according as the load of ihe 
engine increases; thus, when an engine 
is temporarQy orer-loaded, sudi as that 
of an aeroplane during- the take-off, the 
40 risk of detonation o:ccurs. 

TTow according to the invention a 
control arrangement is applied in which 
a member susceptible to detonation 
operates one or more of the control mem- 
45 bers of the engine in snch a manner that 
£LS soon as. detonation occurs, the working 
conditions of the engine are modified in 
the sense of suppressing detonation. 
Since, sls stated above, the occurrence 
60 of detonation depends on sever.al condi- 
tions, the. control meinbers, the adjust- 
ment of which may lead to a supprrasion 
. of the detonation, may likewise be of a. 



widely divergent kind. The control 
members employed in the arrangement 55 
according to the invention may serve to 
modify the quantity or quality of the 
working medium, determined e.g. by the 
iXLixiha- ratio of fuel and air, the charge 
per stroke, the temperature of the air 60 
induced, the composition of the fuel, the 
quantity of special anti-knock agents 
added (anti-knock dopes water). They 
may serve to modify the conditions of 
ignition and combustion in the cylinder, 65 
by changiag the moment of ignition, the 
intensity of the cylider cooling-^ the nxmi. 
ber of strokes per minute. Purther they 
may serve to alter the load on the engine, 
e.g. in the case of an aero-engine driving 70 
a propeller with variable pitdh by changl 
ing the pitch, which in turn involves an 
alteration in one or more of iie above^ 
mentioned factors. 

Of the various possibilities of control 75 
nse IS preferably made of those which 
entail no or only a sMght decrease in out- 
put of the engine, whilst further low fuel 
consumption is also maintained as much 
as possible. Apart from the possibilities 80 
of control afforded by changing • the 
composition of the fuel (addition of fuel 
with higher anti-knock value) and addi- 
tion of special agents coun.teractiag 
detonation, such as anti-knock dopes and 85 
water it is therefore in particular the 
adjustment of the fuel to air ratio that 
comes into consideration, and further the 
tuning of the ignition. 

The control members to be employed 90 
in an arrang-ement according- to the 
invention may be specially provided with 
a view to suppressing detonation; how- 
ever^ that is not alwayg necessary, for in 
some cases the control members already 95 
present will suffice. 

With the control arrangement accord- 
ing to the invention it is of very great 
importance that the member susceptible 
tp detonation . should react inatan- 100 
ta^eously and at incipient detonation, so . 
reduction of the detonation is attained 
before it has assumed harmful propor- 
tions. In this xsonnection a member 
reacting to the gas vibrations in the 105 
cylinder of frequencies characteristic of 
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detonation, whidi for many engines lie 
l>etween about 3000 and 5000 Hertz, is 
particularly suitable as a member suscep- 
tible to detonation, i.e. as " Knock 
5 detector I'urtber for a g-ood function- 
inn^ of tte apparatus it ia, of course, 
necessary tbat tbe susceptible member 
sbould react only wben detonation 
occurs; if, therefore, sucb a detector 

10 reacting to tiie occurrence of vibrations 
is applied, and this should react in a 
frequency rang-e, covering besides the 
detonation vibrationB proper also other 
vibrations in the engine, the detector 

15 ]jre venting these other vibrations from 
affecting the control members. 

A change of the fuel to air ratio can 
be effected in a simple manner by pio- 
viding the carburettor -wifh an extra jet, 

20 should be aombined Trith an apparatus 
allowing of a richer mixture to be 
temporarily obtained. An embodiment 
of an arrangement axicording to the 
illustrated diagrammatic ally in the 

25 invention incorporating this feature is 
drawing accompanying the Provisional 
Specification. 

Referring to the drawing, 1 represents 
the engine cylinder with inlet valve 2 

30 and locally narrowed suction line 3. The 
cylinder is provided with a member 4, 
capable of converting pressure vibrations 
occnrring in the cylinder space into 
electric vibrations. For this purpose an 

35 indicator with piezo-electric crystals 
having a high natural frequency is 
particularlv suitable, althongh other 
types o£ indicators, e.g. with variable 
resistance, variable capacity or variable 

40 magTietic induction, may also be em- 
ployed. The electric vibrations emanat- 
ing from the indicator are conducted to 
an apparatus 5, where they are amplified 
and the vibrations not caused by detona- 

45 tion are filtered out or suppressed, so 
that only the vibrations within a 
frequency range of e.g. about 3000 — 5000 
Sertz and originating from detonation 
are left. If desired this apparatus may 

50 be provided with a rectifier and a measur- 
ing device showing the degree of detona- 
tion. The output cxirrent from apparatus 
5 is fed to a relay 6, which, as soon as 
detonation cccurs, closes circuit 7 con- 

55 tainin^ a source of cTirrent S and a 
solenoid 9. The fuel content in the air- 
fuel mixture sucked in is controlled as 
follows : 

Besides the normal jet . conduit II 
60 another conduit 12 witJi auxiliary jet 
leads from the float chamber 10 of the 
carburettor to the narrowed part of the 
STLCfaon line 3. Xn Sie condxtit 12 a 
control valve 13 is disposed which' is 
65 adjtisted by taming fiie lever 14. A 



piston 16 linked to this lever is pressed 
upwards by thet spring 18. The piston IG 
is adapted to* move in a cylinder 17 filled 
with liquid and has a small opening pro- 
vided with a valve with leak, so that its 
movement is damped, the damping effect 
being greatest with upward movement. 

The lever 14 has further attached to it 
the soft iron core 15 of the solenoid 9 in 
such a manner that if current flows 
through circuit 7, the core is pulled 
down. Normally the lever is in its top 
position, the valve 13 being closed. As 
soon as detonation occurs, in the engine 
the core 15 is pulled down owing to the 
Ebw of current through the solenoid 9, 
and the lever 14 turns downward, thus 
openin<y valve 13. 

As a result of the extra fuel supply 
through conduit 12 a richer mixture is 
then obtained, which, as is known., shows 
less tendency to knock. 

As soon as the detonation ceases^ the 
valve is slowly closed again by the action 
of spring 18 and piston 16. 

The above describes only one example 
of the nnmeroTis ways in which an 
apparatus according to the invention can 
be constructed. 

In each individual case it should be 
ascertained which control device can be 
adjusted most advantageously by the 
know detector and in what manner this 
adjustment is to be combined, if desired, 
with the n^ethods of control, either auto- 
matic or manual, already provided for. 

' It may be of particxdar advantage to 
apply a servo-motor for coupling the 
member snsceptible to detonation with the 
control member, with a view to assuring 
that it is not the position of the control 
member, but the change of said position 
that is determined by the detonation. 
" Til" the above described embodiment 
reference is made to a single cylinder. 
Since with a multi-cylinder engine the 
detonation as a rule will not occur 
simultaneously in the various cylinders, 
each cylinder vrill generally be provided 
with an indicator and the adjustment oi 
the control member of the engine will be 
made to depend either on the degree of 
detonation in the cylinder in which the 
detonation is strongest or on the average 
deoree of detonation of all cylinders. ^ 

This puTDOse can be attained particu- 
larlv with th-e first mentioned method, bv 
switching in the various indicators in 
paTiid succession. 

Having now particularly described and 
ascertained the nature of my said inven- 
tion and in what manner the same is- to 
be performed Tas commnnicated to me 
from abroad'V, I declare that what I claim 
is:— 130 
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1. An arraiag'enLeiLt for suppressing; 
detonation in an. internal combiistioiL 
engine, wlierein a member susceptiMe to 
detonation operates one or more of tke 
5 Control membeors of tlie eng-ine in such, a 
manner that as soon as detonation occurs 
the vorkincr conditions of the engine ai*e 
modified in the sense of suppressing 
detonation, 

10 2, An arrangement as claimed in claim 
in which the member susceptible to 
detonation is an electrical member 
adapted to convert pressure vibrations of 
frequencies characteristic of detonation 

15 occnrring in the cylinder space into 
electrical vibrations^ said electrical vibra- 
tions being used to cause an electrical 
current by means of which the control 
member or members of the engine is or 

20 are adjusted. 

3- An arr^gesnent as claimed in claim 
2 for Tise with a multi-cylinder engine, 
in which a member susceptible to detona- 
tion is provided for each of the cylinders 

25 or cylinder ends, these members being 



switched in one aftea* the other in rapid 
successioUj in such a manner that the 
control member or members is or are 
operated in dependence on the detonation 
in such cylinder where it is strongest. 30 

4. An arrangement as claimed in claim 
2 for use with a multi-cylinder engine, 
in which a member susceptible to detona- 
tion is provided for each of the cylinders 

or cylinder ends, these members being 35 
connected in such a manner to the 
remainder of the arrangement that- the 
control member or members is- or are 
operated in dependence on tlie average 
degree of detonatLan. 40 

5. An arrangement for suppressing* 
detonation in an internal combustion 
enji'ine substan-tiaUy as described with 
reference to the accompanying drawing. 

Dated this 8th day of May, 1940. 
ELKU^GTON & FTFB, 
Consultm^ Ohemiste and 
Chartered Patmt Agents, 
20 to 23, Holbom, London, E.C.I, 
Agents for the Applicant. 
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